Cohesin is a ring that tethers sister chromatids since their synthesis during S phase till 17 their separation in anaphase. According to the single-ring model, one ring holds twin 18 sisters. Here we show a conserved cohesin-cohesin interaction from yeast to human. A 19 subpopulation of cohesin is dimerized concomitantly with DNA replication. Cohesin 20 dimerization is dependent on the acetyltransferase Eco1 and counteracted by the anti-21 establishment factor Wpl1 and deacetylase Hos1. Approximately 20% of cellular 22 cohesin complexes are measured to be dimers, close to the level of Smc3 acetylation 23 by Eco1 in vivo. These findings provide evidence to support the double-ring model in 24 sister chromatid cohesion. 25 Abstract 26
Introduction signals appeared in 2 h and peaked around 6 h ( Figures 3A and 3B) . These results 170 corroborate the cohesin-cohesin interaction originally discovered by Pati's group in 171 human cells (20) . More importantly, these data also demonstrate that cohesin 172 oligomerization does not occur in G1 phase, and is regulated in a cell-cycle-dependent 173 manner in human cells. Intriguingly, quantification of both PLA and EdU signals 174 revealed a rough correlation between them (R=0.738). Although PLA signals appeared 175 a little behind EdU during the early S phase (0-4 h), both of them reached the peak at 176 the same time (6 h) followed by a similar decline ( Figure 3C ). Since EdU incorporation 177 is an indicator of genome replication progress, it strongly argues that cohesin-cohesin 178 interaction occurs in a DNA replication-coupled manner. The time lag of PLA signals 179 compared to EdU levels during the early replication stage is not surprising given that 180 cohesin distributes in an average 67 kb distance along the chromosome in HeLa cells 181 (45).
182

Intermolecular cohesin interaction is cell-cycle-regulated 183
To further elucidate how cohesin dimerization is regulated, we investigated it in the 184 synchronized yeast cells. For this purpose, a strain carrying Flag-Scc1 and GFP-Scc1 185 was grown at 30°C and arrested in G1 by α-factor (0 min). Post-release into S phase, 186 cells were collected at different time points. Then, we carried out GBP-IP of whole-cell 
